Purpose The aim of this study was to report normal values of the tibial tuberosity-trochlear groove distance (TTTG) in males and females and assess the reliability of MRI in measuring TTTG. Methods Patients presenting with a suspected meniscus injury without any patellofemoral or ligamentous instability, and arthroscopically normal cruciate ligaments and patellofemoral joints were included in the study. K-PACS© was used for MRI analysis and was performed by three observers blinded to each others' measurements. Results One hundred patients (57 males, 43 females) were recruited from 2006-2010. The mean TTTG in males was 9.91 mm (95% CI 8.9-10.8 mm) and in females 10.04 mm (95% CI 8.9-11.1). The coefficient of variation was <10% for both intra and inter-observer analysis. Conclusions The normal TTTG distance is 10 ± 1 mm with MRI being a reliable method of measurement. Literature supports a high degree of variability in reporting TTTG. This study establishes normal TTTG values, which will help in the assessment and treatment of patellofemoral disorders.
Introduction
Tibial tuberosity-trochlear groove distance (TTTG) is important in the assessment and treatment of patellofemoral disorders [1] [2] [3] . Dejour et al. [1] found that the TTTG in their control group was 12.7 ± 3.4 mm with a value of >20 mm being pathological. Alemparte et al. [4] studied healthy volunteers and found that normal values for TTTG were 13.6 ± 8.8 mm, indicating a large variation. Wittstein et al. [3] , using MRI, found that the TTTG in their control group was 9.4 ± 0.6 mm. These studies suggest that literature supports a high degree of variability in reporting normal values for TTTG and some methods of measurement are complicated with significant intra and interobserver measurement errors [5, 6] .
New software packages have given us a way of standardising the measurement of TTTG. The aim of this study was to assess the reliability of using MRI in evaluating TTTG and report normal TTTG values for males and females.
Methods

Patients
Patients recruited in this study presented with a suspected meniscus injury (knee problem pain, mechanical symptoms). On clinical examination, they demonstrated no patellofemoral instability, no malalignment or ligamentous laxity. All patients had an MRI scan and a knee arthroscopy for their presenting problem. The knee arthroscopy in all the recruited patients demonstrated a normal patellofemoral joint and excluded a cruciate injury. Those with an arthroscopically abnormal patellofemoral joint or a ligamentous injury were excluded from the study. One hundred patients were recruited from 2006-2010 (57 males, 43 females; mean age 44 years).
Imaging MRI images were obtained using a 1.5-Tesla MR scanner with the following parameters: TR 4000, TE 70, and slice thickness 4 mm. Images were performed with the knee in full extension and the quadriceps relaxed. The scans were analysed on a K-PACS© workstation (K-PACS ©), which is freely downloadable software with user-friendly measurement tools.
Fat suppressed proton density turbo-spin echo axial sequences were used to determine the TTTG. The technique we used is very similar to the one described by Wittstein et al. [7] (Fig. 1) . The midpoint of the distal insertion of the patellar tendon at the tibial tuberosity was obtained using measurement tools (Fig. 1a) . The cursor was then placed at this point and images were scrolled proximally to the first image that depicted a complete cartilaginous trochlear grove. The position of the cursor was marked on this new image (Fig. 1b) . A reference line was drawn along the posterior femoral condyles and a second line was drawn from the deepest point of the trochlear groove perpendicular to this reference line. A line perpendicular to the reference line was also drawn from the point marked by the cursor. The distance between these two perpendicular lines is the TTTG (Fig 1c; line in red is the TTTG).
All the scans were double-read on two different occasions by each of the three observers. The observers were blinded to their first read and the results of the other observers. Statistics Mean values of TTTG of males and females were calculated with 95% confidence intervals; an independent t-test was used to detect any significant difference between the two values. Intra and inter-observer reliability of the TTTG measurements was assessed by calculating the variation attributable to each source and these are represented using the coefficient of variation expressed as a percentage, whereby a coefficient of variation <10% represents very good reliability [8] .
Scatter plots representing measurements of each pair of observers were created to depict the inter-observer reliability. All analyses were undertaken using SPSS v17.
Results
One hundred patients were recruited in the study from 2006-2010 (57 males, 43 females; mean age 44 years). Clinically, patients had no patellofemoral or cruciate instability and no varus, valgus or rotational malalignment. All patients had arthroscopically normal patellofemoral joint and cruciate ligaments. Imaging and arthroscopy confirmed no evidence of trochlear dysplasia, patella alta or a substantial patellar tilt.
The mean TTTG for males was 9.91 mm (95% CI 8.9-10.8 mm). The mean TTTG for females was 10.04 mm (95% CI 8.9-11.1). There was no significant difference between the two mean values (p=0.849).
The intra-observer coefficient of variation (CV%) was 9.04% and the inter-observer CV% was 9.35%, representing very good reliability in measurements. Figure 2 demonstrates good inter-observer reliability on scatter plots.
Discussion
Goutallier et al. [9] in 1978 first described TTTG using a plain X-ray on an axial image with the knee flexed 30°. A recent study has shown that conventional radiography was associated with large measurement errors when used in the assessment of TTTG [10] . The clinical measurement of TTTG is also unreliable [11] , and it is generally agreed that CT or MRI scans most reliably assess TTTG. Dejour et al. described the use of CT [1, 12] to increase the precision of measurement of TTTG. The technique superimposed two slices, one through the middle of the tibial tuberosity and the other through the bottom of the Fig. 2 Graphs representing good inter-observer reliability between the three observes trochlear grove. A systematic review and meta-analysis showed good intra and inter-observer reliability for CT measurements of TTTG [13] . Some studies however have shown that CT measurements are complicated by poor inter-observer reliability [5, 6] , mainly related to errors in obtaining the deepest point of the trochlear groove in patients with trochlear dysplasia. Additionally, CT only assesses bony structures and is associated with a high dose of radiation. Schoettle et al. [14] demonstrated a high correlation between CT scan and MRI measurements of TTTG with no significant difference between the two. In their study, MRI scans had very good inter-observer and inter-period reliability. In our study, we also saw a very good level of intra and inter-observer agreement using MRI, indicating that MRI is a reliable way of assessing TTTG.
Stoddart Lynskey
MRI scans have several advantages over CT for assessment and treatment of patellofemoral disorders. MRI offers better visualisation of the articular cartilage and soft tissue structures and has been shown to accurately distinguish the surface geometry of the articular cartilage from the subchondral osseous anatomy of the patellofemoral joint [15] . MRI is therefore helpful in planning surgical procedures aimed at reducing compressive stresses in the patellofemoral joint by visualising defective cartilaginous surfaces, which may need to be offloaded [16] . In patients with severe trochlear dysplasia requiring trochleoplasty, assessment of the cartilage is pivotal as pre-operative cartilaginous degeneration has been associated with inferior results. MRI is therefore helpful in patient selection and pre-operative planning for trochleoplasty [17] [18] [19] . The MRI also minimises exposure to radiation and new software has made it very userfriendly in measuring TTTG.
Defining the centre of the patellar tendon on an MRI as opposed to the most anterior part of the tibial tuberosity on a CT is a more anatomical measurement of TTTG and better represents the direction of forces on the patellar tendon [16, 20] . We therefore used this reference point for the centre of the patellar tendon insertion as done by Wittstein et al. and Shoettle et al. [7, 14] . Like Schoettle et al. [14] , we also used the deepest cartilaginous point of the trochlear grove on the first image that depicted a complete cartilaginous trochlea as a reference on the trochlear grove. Such a point of reference would prove useful in a knee with trochlear dysplasia, where CT referencing is difficult when the trochlea is flat.
There has been a high degree of variability in normal values of TTTG. Dejour et al. [1] found that the TTTG was 12.7 ± 3.4 mm in their control group, and a value of greater than 20 mm was pathological. Alemparte et al. [4] found a great variation in normal values with TTTG being 13.6 ± 8.8 mm. Wittstein et al. [3] found that the TTTG in their control group was 9.4 ± 0.6 mm, and those with anterior knee pain had significantly greater lateral tibial tubercle deviation of 12.6 ± 1.1 mm.
We present a series of patients with clinically and arthroscopically normal patellofemoral joints in reporting our normal values for TTTG. Our results demonstrate no significant differences between males and females. We found that the normal TTTG is 10 ± 1 mm. These values would be useful in the assessment and treatment of patients with patellofemoral disorders.
Conclusion
This study shows that MRI is a reliable method in the assessment of TTTG. The normal TTTG value for both males and females is 10 ± 1 mm.
